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ABSTRACT 
. . . 
The Soma totop.ic Organization in the Caudal 
Medulla Oblongata of the Albino Rat. 
~ 
Previous st.udies have provided evidence of the exis~_ 
tence of a somatotopic arrangement of neurons in the rostral 
medulla oblongata. \,There is, however, a noticeable lack of 
.information of this nature pertaining to the caudal medulla and 
the upper cervical spinal cord, even though anatomical studies 
have shown that the nuclei classically thought of as mediat-
~-
ing tactile sensibility are represented in the cervical cord. 
\ ,. 
Electrophysiolo·gical methods were employed in this study 
to investigate the problem formulated above: Are the fibers 
projecting to the caudal medulla which mediate tactile sensi-
bility arranged in an orderly and systematic way? 
The results of this experiment answer the above question 
affirmatively. It was found that most of the ipsilateral 
side of the peripheral body surface is represented at every 
level studied, from the obex to the second cervical segment. 
The projection of fibers mediating tactile sensibility is 
organized so that those fibers arising from the thoracic and 
lumbar segments are found most medially while the fibers aris-
in.g from the upper thoracic and all cervical segments are 
found at successively lateral positions .. The most lateral 
-·J, 
regions of the caudal medulla were found to receive fibers 
innervating the face and interior buccal cavity. The pro-
-1-
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.jection of fibers was found to be inverted in nature so 
that the ventral areas of the peripheral body surface are 
represented dors~lly and the dorsal regions ventrally~ 
" 
.. Taken as a composite picture, the animal appears tobe 
lying on its back with the cells mediating responses from the 
paws lying most dorsally.· The tail is found closest to the 
midline with successively rostral positions on the peri-
pheral body surface represented by successively lateral 
areas in the rnedullary tissue. 
Histological examination has shown that generally res-
ponses elicited by stimulation of the hindquarters were 
recorded in the gracile and cuneate nuclei while the spinal 
trigeminal nucleus mediated sensibility from the face. In 
the more caudal levels, in the first cervical segment, res-
ponses to stimulation of the hindquarters and forequarters 
were found to be elicited in the nucleus of the dorsal com-
missure, nucleus intermedius of Cajal and the dorso-lateral 
edge of the hypoglossal .. ~ucleus. Although these nuclei are 
not classically thought of mediating tactile sensibility, it 
has been sl10,-1n in anatomical studies that they receive sig-
nificant bundles of fibers from the dorsal column nuclei 
which are classical tactile nuclei . 
.. 
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INTRODUCTION 
Investigators-· in recent years (Gordon ~ ~!., 1961; .. 
Kruger et a!, 1962; Perl et~' 1962; Wall and Taub, 1962 
and l'lord, 1963) have presented a great. deal of information 
~ 
pertaining to the nuclei within the medulla oblongata that 
mediate tactile sensibility of the peripheral body surface. 
Because the great majority of these studies deal only with 
the rostral 1nedullq., electrophysiological evidence is prac-
tically non-existent for morer caudal regions and the nature 
of the tactile representation, such as its caudal and lat-
~ 
eral extent are not knovm. Torvik (1956) and Kerr (1961) 
in several recent anatomic studies have shown that the nu-
clei thought of as mediating somesthesis are represented at 
all levels of the medulla and in some cases as far caudal 
as the third cervical segment. Furthermore, at the level 
of the first and second servical segments fibers from cu-
taneous nuclei project to other nuclei not classically 
thought of as mediati~g tactile sensibility. 
. ,,•, 
' 
Several pertinent questions have arised concerning the 
nuclei lying at more caudal loci within the medulla and up-(: 
per cervical spinal cord. These questions pertain to the 
j/'· . ~ 
somatotopi~ pattern existing in this area, the nature of 
the non-specific nuclei identified by Torvik (1956) which 
. 
' 
receive fibers from the "dorsal columns as well as the tac-
tile nature of the spinal trigeminal complex at the level,. 
-3-
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of the upper cervical cord. 
The nuclei concerned with the mediation of somesthe-
sis within the rostral medulla are the dorsal column nuclei 
(gracile and cuneate) and the nucleus of the spinal tract --· 
of the fifth cranial nerve. 
The gracile fascicle conducts to its nucleus, fibers 
projecting from the thoracic a;td lumbar regions of the spi-
nal cord while the cuneate fascicle, conducts to its nucleus 
fibers from the upper thoracic and cervical segments (Kruger 
~ ~; 1961). 
Lying ventro-lateral to the cuneate fascicle and nu-
cleus i-s the tract of the trigeminal nerve which mediates · 
I 
proprioceptive sensibility of the face. 
In short the two dorsal columns mediate sensation of 
the limb, body trunk, posterior face and the pinna of the 
ear, while the fifth cranial nerve mediates sensation of 
the head, internal nose, teeth, and mouth. 
' 
It has been shown that within the ~ostral medulla 
(Kruger et al, 1961; Perl~~' 1962) a functional ar-
rangement exists among the tactile fibers which project to 
the second order cells in the dorsal column nuclei. This 
arrangement is not, by any means haphazard but is topo-
graphical • ,A-1.n na t.. ur e . The animal appears to be lying on its 
back with its paws extended in a dorsal direction. The 
caudal-most portion of the peripheral body surface lies 
closest to the medullary midline. As one moves a recording 
\[I/ 
electrode to successively lateral positions, the hindlegs, 
' . 
-4-
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body trunk, forelegs and posterior face fall into place. 
The projection of the peripheral tactile receptors on to 
their respective nuclei is not point for point in nature, 
but those portions of the skin which are most heavily in-
nervated (i.e. vibrissae) show the greatest representation 
within the medullary tissue. 
Perl et al (1962) studying single neural units of 
---"Jii· 
the gracile nucleus has shown that the nucleus receives 
projections from hair, touch, temperature and vibration 
1 receptors and that each modality specific receptor activates 
' 
separate specific neurons within the nucleus. Touch units 
were most cont~on at the rostro-caudal level of the obex 
and in a portion of the nucleus 5 mm. posterior to this 
point. 
The fibers of the trigeminal nerve bifurcate as they 
enter the pons sending branches to both the chief sensory 
nucleus and to tl1e spinal nucleus which is reported to 
extend as far caudal as the thi,rd
1 
and possibly the fourth ii· 
cervical segment (Taren, 1964; Harr!son and Corbin, 1942). 
The fibers from this nerve mediate propriocep~ive sensi-
bility of the face and buccal cavity (gums, incisors, jaw 
and mucosa). 
Olzewski (1950) di·1ided ·the spinal nucleus along its 
rostro-caudal extent on the basis of cyt-oarchitectural 
criteria into three sub-nuclei, the nucleus oralis, inter-
polaris and caudalis which extends into the cervical cord. 
Wall and Taub (1962) using electrophysiological techniques, 
-5-
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however, found that t:he spinal nucleus is "not physiolog-
ically divided but is continuous with a steady rostro-cau-
dal change in its properties" (page 124). The oralis was 
found to contain projections from structures within the 
head, mouth, eyes and nose. The interpolaris responded 
to light pressure of the facial skin and .the most caudal 
zone (caudalis) responded to light pressure with large 
receptive fields in the proximal parts of the face. 
Kruger e! al (1961) and I'lord (1963) contrary to the above 
results report most of the face was found to be represented 
at every level of the nucleus studied. 
Wall and Taub (1962) have shown that tactile neurons 
in the upper cervical segments (Cl and C2) of the spinal 
cord have peripheral receptive fields which respond to 
large areas of the ipsilateral face, with the receptive 
fields lying predominantly in the most proximal parts of the 
face, forehead, nose, cheeks and jaw. In a locus immed-
iately lateral to the trigeminal nucleus at this caudal 
level were found cells which respond to stimulation of the 
forelimbs with cells in an even more lateral position res-
ponding to trunk and hindleg stimulation. All cells studied 
were found to have the same characteristics; that is, res-
ponding to light touch of the proximal parts of the peri-
pheral body surface. It is shown, therefore, that all of 
the homolateral surface of the body is once again topograph-
ically arranged at this upper cervical position but at this 
level it "t-1as found that the head is represented in a medial 
-6-
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· ... position with the hindlegs in a lateral position. 
Several investigat~s (Harrison and Corbin, 1942; j 
Kruger and Michel, 1962; Wall and Taub, 1962 and Nord, 1963) 
report that a somatotopic map of the face exi·sts at ,all 
levels of the spinal nucleus thus far studied, with lan-! . ., 
dibular fibers (lower jaw) projecting to the dorsal area, 
opht~almic fibers (eye region) to the ventral area and 
maxillary fibers (teeth,and buccal cavity) interposed be-
tween the two . 
The spinal trigeminal nucleus, a component of the spin-
-~-
o thalami c system has been classically thought of as a center 
of pain within the medulla. Several investigators however 
(Wall and Taub, 1962; Gordon and Seed, 1961; Kruger et al, 
1963 and Nord, 1963) have recently put forth evidence that 
implies that the spinal nucleus is not only a center for pain 
but is also involved in some manner in the mediation of the 
tactile sense. This implication is founded on both cyto-
architectural as well as physiological evidence. While 
studying the spinal trigeminal nucleus, Nord (1963) found 
"that 0.111 no occasion could the stimulus procedures which 
were u:sed be called painful" (page 46). Evidence such as 
~--this points to the conclusion that t·he spinal trigeminal 
nucleus contain-s a tactile component as well as a component I 
for the mediation of pain stimuli. 
There are several pertinent factors which lead inves-
tigators (Wall ~nd Taub, 1962; Nord, 1963) to believe that 
-7-
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the spinal trigeminal nucleus does in fact contain a tac-
tile center. First as has been stated above a definite 
topographical pattern has been shov1n to exist in this area. 
The. cells i,1ithin the nucleus mediate tac.tile sensibility 
of the peripheral body surface and the. axons of these cells 
project to the thalamus by way of the.medial lemniscus, the 
system by which tactile cells of the dorsal columns project 
'-., 
to the higher nervous centers. Nord (1963) concludes that 
the spinal trigeminal nucleus mediates tactile sensibility 
~ 
"in some manner" but is careful to note that the ttnature of 
the contribution is not clear from available· data" (page 46). 
It is interesting to note that Wall and Taub (1962) 
found no cells in the spinal trigeminal nucleus which res-
ponded in a pain specific manner. In investigating·a11 
1 
parts of the nucleus, the investigators report that no cells 
which respond to nociceptive stimuli did so to the exclusion 
of other modes of cutaneous stimulation. 
Al though several of the above studies (I'1all and Taub, 
1962; Torvik, 1956 and Kerr, 1961) put forth some informa---
tion as to the arrangement of fibers projecting to the 
caudal medulla, there has been on systematic electrophysio-
logical investigation of this area. Nord (1963) has pre-
sented such data but the caudal most level presented in this 
study is .2 mm. posterior to the obex. ~ 
No electrophysiological data is available on the lateral 
and caudal extent of the projection of tactile fibers, and 
although Harrison and Corbin (1942) report a morphologicai , 
-8-
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change in the spinal trigeminal nucleus there is no cor-
responding stimulus-r·es.ponse data. 
\ 
-· I 
"'-
PURPOSE 
In the present. s~dy, electrophysiological methods 
were used in ap attempt to systematically delineate the 
somatotopic pattern existing in the lower medulla and up-
per cervical cord. A second aim of the study was to furn-
ish further information describing the tactile nature of 
the spinal tract and nucleus of the trigeminal nerve. 
,.... 
;~, 
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METHOD 
The subjects used in this' study were 11 female rats of 
the C. F. N. Strain, weight 200-300 grams. The initial an~s-
,-
~- ,. " 
thetic dosa.ge consisted of 1 cc. /kg. of body weight of vet-
erinary so ..dJ.u.m pentabarbi·tol (Diabutol, Abbot) injected 
intraperitoneally. 
r 
\·Jhen necessary during the surgical and 
, 
recording procedures, doses of 0.05 cc. _were administered 
to l\.eep the animal at the requir_ed level of anesthesia. The 
animal's body temperature was monitored throughout the ex-
periment with an electronic thermometer (Yellov1springs Tel-
ethermometer) and radiant heat was applied to the body sur-
face. If severe respiratory trouble was encountered or if 
barbituate poisoning was indicated, 0.05 cc. doses of Picro-
toxin (Lilly) were administered. 
To facilitate mechanical stimulation of the skin, the 
hair of the ipsilateral body surface was clipped through 
the use of a standard·anirnal clipper. A midline incision 
was then made in the skin of the throat, the trachea ex-
posed, and a small polyethylene cannula (lntramedic 205) 
was then inserted into the trachea to facilitate breathing 
and removal of accumulated moisture from the trachea. Fol-
lowing the cannulation a midline incision was made in the 
skin of the dorsal neck. The -,oc.cipi tal ridge of the skull 
was exposed and muscle ligaments inserted on the ridge were 
tteased away. Muscle insertions were then teased away from 
the dorsal surface of the skull, from the occipital ridge 
-10-
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posterially to the first cervical segment. Using surgi-. 
, f 
cal rongeurs the bone. of the first cervical segment \·1as then 
'
1 removed. After completion of this procedure an area of ap-
proximately 6 mm. long by 4 mm. wide v1as made accessible···.for 
, ~ 
electrode placement. The dura mater and the arachuoid men-
inges were then carefully lifced through the use of needle 
forceps and corneal scissors (Castroviejo) and the exposed 
"' 
area was then surrounded with cotton soaked in warm Ringers i 
solution, which served to keep the exposed area of the brain 
warm and moist, 
Rather than use a standard stereota:{ic instrument, a 
surgical holder was developed (following Nord, 1963) to make 
available for mechanical stimulation the greatest amount of 
body surf ace, head, and interior bu.cc al cavity. The·. head-
holder ( see Figure I) v1as oriented so that the dorsal sur-. 
face of the medulla would be parallel to an imaginary hori-
zontal standard and inserted electrodes would be perpendicular 
to this standard. The animal's head was securely clamped.~ 
into the holder, the remainder of the animal's body being 
draped over a U-shaped bat which raised the hindquarters 
slightly higher than the head level. This procedure was de-
vised to prevent stasis in the hindquarter·s and also was made 
available for stimulation a maximum amount of body surface 
and undersurface of the hindquarter regions. 
In the pilot stages of the experiment· fine rlichrome 
wires (25}..l tips) were used to map the exposed medullary 
tissue. It was later found,however, that oo insert pins 
-11-
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, I 
(Clay-Adams) made of stainless steel, electropolished (fol-
lo~vi11g Greert, ··t 958) and insulated ( Insul-x) except for the 
tip ( 10 p..) made excellent semi-mic1:oelectrodes i~1hicl1. permit-
ted single unit recording. These stainless steel electrodes 
were used for all of the mapping presented in this study. A 
second pin was placed upon the bone of the exposed .skull and 
served as the indifferent electrode. A ground clip \·las at-
tached to the headholder and provided a single ground loop 
1, 
vJ'i th the preamplifier. The electrode setu1) provided a push-
pull input to a 11.igh impedence probe. r1eurological _sig11als 
were amplified by means of a Grass Preamplifier (p-5). The 
preamplifier output was monitored by an S.T.C. Cathode ray 
oscilloscope and an audio system. 
An electro-mechanical tapper to which a fine sable 
brush \vas attached provided s)<in stimulation. 
Electrodes ,vere placed by mea11s of a Prior micromanip-
ula tor in conjunction 't·1itl1. a stereotaxic atlas of the rat 
brain (Konig and Klippel, 1963). A Brown and Sharpe dial 
indicator (#282M) was used to record all dorso-ventral ex-
cursions. The microdrive of the manipulator permitted an 
accuracy of 0.10 mm. in the rostro-caudal and medio-lateral 
axes lllhile the dial gauge tolerance was O. 01 nun. in the 
dorso-ventral direction. 
Response recording started at the surface of the brain 
an·d was conti11ued 0. 5 mm. beloiv the last point from v1hich 
responses were evoked {following Nord, 1963). 
At any point within the medulla from which responses 
-12-
/·• 
,. 
) 
were elicited the locus of that point, the magnitude of the 
evoked response as well as a description of the peripheral 
locus whicl1 evoked the response "t·1ere recorded on a figurine 
drawing. 
/ 
The micromanipulator was aligned using the medullary 
midline as well a~ the obex as reference points (the obex· 
being the apex of a triangular structure directly vent-ral 
to the occipital ridge). 
As soon as response recording was completed, the animal 
was killed with an overdose of anesthetic. The subject was 
then decapitated and the entire head ,.,as immersed for a num-
; 
ber of days in 10% formalin solution for fixing and harden-
ing of t.~e brain tissue. After the tissue was adequately 
fixed a chisel pointed blade was affixed to the micromani-
pulator. The head of tl1.e animal ,~as then reclamped in the 
headholder and the brain was removed from the skull case by 
sectioning at points rostral and caudal to the critical area 
\ {the plane of electrode insertion) . 
.J 
Using the paraffin method the brain was then sectioned 
at 15 pin serial sections parallel to the plane of electrode 
placement. These sections were then stained with O.l% thio-
nin and mounted on microslides for histological verification 
of electrode tracts. From these sections as well as from 
the data collected during the recording session the figurine 
drawings presented in the results section v·Tere prepared.: 
...... 
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Figure 1 
Photograph of the experimental apparatus 
showing the animal mounted in the head.holder 
during the recording phase. 
r>\·. 
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RESULTS 
This study was perfo·rmed in two sequences. The fi'rst 
was a pilot investigation to determine the general topographic 
projection of tactile fibers to the area investigated. This 
area is bound by the obex at the rostral eJctreme and a trans-
verse plane 4. 8 nun. caudal. to the obeJc lying under the first 
cervical segment.of the spinal cord. Electrode penetrations 
were made ipsilaterally with a lateral extreme of 3.5 mm. to 
the medullary midline. In the pilot study which was performed 
on three animals, 43 electrodes were placed within this area 
in a random fashion. 
The second phase of the experiment was begun when a 
general picture of the topographic arrangement existing in 
the caudal. medulla was sufficiently delineated. This phase 
involved the systematic placement of electrodes in single 
transverse planes at predetermined loci caudal to the obex. 
Eight animals were used in this phase in ,-ihich a total of 54 
electrodes were placed. In both phases of the study it was 
impossible to predetermine the locus of electrode penetration 
in the media-lateral dimension because of the abundance of 
vasculature present in the tissue. During the various response 
recording sessions, therefore, electrodes were placed with 
great care so as not to damage the vasculature supplying the 
area. 
-16-
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The data obtained from all subjects reveals that there 
is an orderly projection of fibers mediating.tactile sensi-
, ' 
bility in the medulla oblongata at 1 ieast as ~audal as the 
second cervical segment. ·This finding is consistent with 
' previous data dealing \vith the somatosensory medulla at more 
rostral loci (rostral to the obex, Kruger et al, 1961; Wall 
' 
" 
and Taub, 1962; and Nord, 1963). Figures 5 - 12 are illustra-
tive presentations of the results and serve to show that a 
great deal of the body surface is found at every level of the 
medulla studied. The arrangement of fibers is such that those 
fibers projecting from nerves entering the lumbar and thoracic 
segments of the spinal cord are found most medially while those 
projecting from upper thoracic and cervical segments are found 
at succ~sively lateral positions. Neurons found at the most 
lateral position in the medulla are the terminating points 
of fibers which enter at the level of the pons and project 
down into the cord, The fibers and cells so arranged, orient 
the periphery so that the caudal areas of the body surface 
are found closest to the midline with the more rostral areas 
appearing at successively lateral positions. Furthermore, 
it was found that there is also a topographical map in the 
dorsoventral direction so that the animal appears to be lying 
on its back with the cells mediating sensitivity of the feet 
lying most dorsally giving the impression that the paws are 
extending into the air. 
Although most of the body surface was found to be 
represented at every level investigated, the representation 
d' 
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proved to be somewhat incomplete from level to level. This 
is illustrated in Figure 2 which was dravm from data collected 
in 97 electrode penetrations in eleven subjects. 
The tail was found to be represented in 85% of the 
region, al though ~-1hole tail responses were not evol<ed -at all 
times. Generally the upper tail and anal areas were most 
active with the former responding at.--·l·all of the levels inves-
tigated. 
Hindquarter responses as well as responses from the 
fore.quarters and forepaw were evoked at all levels. The pinna 
of the ear as well as the posterior face were responsive to 
f 
stimulation throughout most of the region with both modes of 
responses being evoked simultaneously as a narrow band of 
responsive skin running from the upper forepaw to the pinna 
. .. 
of the ear. 
Responses to stimulation of Fhe lower jaw, chin, lower 
lip, incisors, tongue and buccal cavity were found only in the 
rostral half of the region and generally all of the areas were 
responsive in a single dorso-ventral electrode tract. 
The cornea of the eye was responsive in only 20% of the 
area investigated and at no time was the response elicited 
greater than 35..uv. Great ~are had to be exercised in elicit-
ing this response for it was found simultaneously with strong 
responses from the skin immediate to the eye. Stimulation of 
the cornea often resulted in a reflexive lid action \vhich 
initiated tactile and other cutaneous responses. Also the 
-18-
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eyelid was found to be lined with fine hairs which respond 
readily to tactile stimulation. Hence responseswereattributed 
to the cornea only when these/other sources of tactile neural 
_,,; 
activity were carefully eliminated as suspect. 
The nose tip was found in the most rostral 20% of the 
region while the vibrissae and dorsal snout were found to be 
responsive at all levels with the exception of the most caudal 
millimeter of tissue (4-5 mm. caudal to the obex). At more 
rostral levels to this locus (1-2 mm. caudal to the obex), at 
a far lateral position the succession of peripheral areas 
responsive to tactile stimulation as the recording tip was 
lowered were as follows: upper lip, vibrissae, dorsal snout, 
and eye (Nord, 1963). With the recording electrode at a far 
lateral position 4-5 mm. caudal to the obex, however, the only 
peripheral .area responsive to tactile stimulation \~,as the eye 
and its immediate surround. This pattern of response was 
obtained from the medullary surface to a point appro::{imately 
3 mm. ventral with little change in the pattern through the 
entire 3 nun. of tissue. This response pattern could be in-
dicative of a change in the morphology of the nucleus mediat-
ing the response and will be discussed below. It should be 
revealed that this was not an isolated case but was obtained 
in three animals in which the plane ·of electrode insertion 
was from 3.7 - 4.8 mm. caudal to the o·bex. 
·~ 
Generally a neural response recorded from an implanted 
electrode is electronegative. In almost all of the instances 
) 
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l Figure 2 
A longitudinal view of the caudal medulla 
illustrating the relative projections of 
the hindquarter (A), forequarters (B), 
lower jaw-chin-lower lip (C), upper lip-
vibrissae-nose ti~ (D) and eye-dorsal nos~-
head (E) • 
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reported here, this was found to be the case. However in the 
most rostral 50% of the region at a far lateral position 
electropositive responses were recorded in six animals to 
\stimulation of the vibrissae. Generally these positive res-
ponses v1ere evolced only when it. was possible to drive a single 
unit mediating responses from a single vibrissa. Generally 
responses were evoked from the ipsilateral side of the body 
surface, but in several instances when the recording tip was 
placed either on or in close proximity· to the midline, :L'es·ponses 
were evoked from the contralateral side. This result is most 
likely due to the relatively large size of the recording 
electrode, which may have invaded tissue on the contralateral 
side of the medulla responsive to the contralateral body 
surface. 
Taking the somatotopic projection in bot,h the medio-
lateral and dorsal-ventral directions at any transverse plane 
in the caudal medulla, the medial cells are found to respond 
to slcin stLilulati·on of the tail with the successively lateral 
cells innervating successively rostral areas of the peripheral 
surface. Furthermore, tl1e entire projection is inverted vli tl1 
• 4 the dorsal cells innervating the ventral body surface and 
• 
the ventral cells the dorsal surface. 
The projection in the longitudinal plane is illustrated 
in Figure 2 ~hich reveals the differential volume of tissue 
innervating different areas of the body. For example it should 
be noted that the vibrissae project to a volume of cells. 
-22-
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approximately twice as great as the combined volume of the 
lower jaw, chin and fip. 
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Table 1 
,; 
Relative Loci of r-,1edullary r~uclei and Tissue Responsive to 
· Tactual Sti1nula tion 
Area 
Stimulated 
a 
Hindquarter·s 
N=9 
Forequarters 
N=8 
Range 
Range 
Posterior face Range 
(exclusive of ear) 
N=8 
Pinna of ear Range 
1~=8 
Lip, chin and Range 
• Jaw 
1'l=8 
Vibrissae, anter- Range 
ior lip, anterior 
nose (exclusive of 
nose tip) 
I~=24 
Iiose tip, nares Range 
1~=12 
Eye, head, dorsal Range 
snout 
N=30 
Tongue Range 
N=3 
Incisors Range 
N=6 
I 
I 
I 
I I 
Depth at ~ifuich 
Responses Begin 
DeptQ. at tJh.ich 
Respo:g_ses Cease 
0-0.10 0. 30-1. 50 
0-0 6 
• 
0.7 -1.90 
0-0 8 
• 
·0. 6: ,-1 . 90 
. . . . . 
0-1.40 D. 3- I . 90 
0-0 5 
. . 0.5-1.40 
0-0 9 
• 
0.4-2.00 
0.3-1.70· 0. 7-2. 90 
0 -2;.,.3 0.8-3.20 
0.2-0.5 0. 7-1. 00 
0.2-0.5 0.5-1.10 
All of the above depth measurements are in millimeter units. 
.. 
. ..,, .. 
-24-
,, 
' 
... 
·' 
•,-,·,,,,,,.,,._,r.-..,,--.,.,, ................ ..... 
,. -~. 
SERIAL SECTIONS 
• 
The Figures 5 - 12 represent data taken from eight 
animals ~here the electrode placements in a single experiment 
were made along a single medio-lateral transverse plane. 
These transverse planes were made at .2, .9, 1.7, 2.3, 2.9, 
3.5, 4.2 and 4.8 rrnn. caudal to the obex, covering approximately 
5 mm. o·f tissue. The data are presented in this way to depict 
illustratively the somatosensory/projection of fibers to 
various lo~i in the area under investigation. The coordinate 
figures for the medio}lateral plane were recorded from the 
micrornanipulator while the dorso-ventral measurements were 
taken from the dial gauge. 
The figures depict 54 electrode tracts in eight experi-
ments. The data from these tracts v1ere found to be in accord 
with the data collected from the pilot study which involved 
43 tracts in three animals where the electrodes 'tvere randomly 
placed. 
Typically there is a topographical ·projection of fibers 
at all eight levels with most of the body surface present at 
each of the levels. By way of a sununary it was found that 
the caudal body surface projects to cells closest to the 
medullary midline while loci on the more rostral body surfaces 
project in order to more lateral medullary positions. The 
entire projection was found to be inverted in nature with 
cells mediating tactile sensibility from the ventral regions 
-25-
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of the body surface being found on the dorsal surface of the 
medulla and vice versa. 
Noting the three classes of response magnitude it will 
be noted that often lowering the recording tip does not 
change the locus of response on the periphery but typically 
within an area the locus of the strongest response is seen 
to shift with the ventral movement of the recording electrode . 
. ,I 
..;;.·: 
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HISTOLOGICAL ANALYSIS OF ELECTRODE TRACTS 
In the second phase of t~is research, the brains of the 
animals v1ere serially sectioned, mounted on microslides and 
stained. An attempt was made to locate the critical section 
in each of the brains thereby revealing the electrode tracts 
as well as the nuclef and tissue which were penetrated and 
from which tactile responses were elicited. Photomicrographs 
were taken of these sections and are presented in the Appendix 
(Figures 13-20). The critical sections were used to prepare 
the inserts for Figures 5-12, which are illustrativepresenta-· 
tions of the data obtained in the second phase. These inserts 
were accurately reproduced using a microprojector v1hicl1. projects 
the image of the critical section on a screen from which they 
were traced showing the nuclei present as well as the tract 
produced by the ventral course of the electrode.· 
In several cases the critical sections show the complete 
course of the electrode tract. Unfortunately in other cases 
the brain was sectioned by the microtome blade so that the 
plane of the blade intersected that of the electrode tract 
thereby cutting it at an angle. In these cases the tract 
appears in the photomicrograph as a vertical notch in the 
brain tissue and '"ere found to appear in several consecutive 
serial sections. The first section containing such notches 
would reveal them at the dorsal surface of the brain while 
in the fol~owing consecutive sections these not~hes would be 
found in successively ventral positions, .By superimposing 
. " 
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A graphic representation of the mean tlepth 
between beginning and cessation of neural 
response for several peripheral areas. 
H -
F 
-
Hindquarters 
Forequarters 
PF - Posterior face 
-
LCJ 
-
VLN 
-
-
EHS 
-
r 
Pinna of ear 
Lower lip - Chin - Lo,;--1er jaw 
Vibrissae, Anterior upper lip, Anterior 
nose (exclusive of nose tip) 
!{ose tip, Ii ares 
Eye - Head - Dorsal snout 
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one section over another:it was possible to trace the entire 
length of the· tract with little modification. 
The columns of data ( figurine dra~..J"ings) in Figures 
5 - 12 represent the stimulus concomittant of the respective 
electrode tracts. Each independent figurine drawing represents 
that area of the body surface which was stimulated to evoke a ' 
' 
neural response when the electrode tip was at a given locus 
in the respective tract. To accurately correlate the position 
of the recording tip with a particular point on the body sur-
face, the depth measurements obtained with the dial gauge 
,during the response recording session were used. In computing 
these measurements the dorsal surface of the section illustrated 
in the photomicrographs was set equal to the micromanipulator 
' measurement of the brain su~face. Loci below the surface were 
.-:., 
determined in like manner. In all of the brains it was found 
that there was 10%-15% shrinkage of tissue due to the fixation 
and dehydration processes necessitated by the paraffin section-
ing method. This figure was carefully taken into account in 
determination of the measurements outlined above. 
In the eight successful histological attempts, 52 
electrode tracts were identified. From these data, along with 
,, 
the response data, several conclusions can be stated. 
Responses from the hindquarters (tail, anal region, 
hindpaw and digits) were generally !ound to be elicited in 
the gracile nucleus and/its fascicle. The cuneate nucleus 
and fascicle mediated responses from the forequarters (post.erior 
-30- :.I 
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face, forepaw and digits and pinna of the ear). 
In the sections more caudal to the obex (Figures 10, 11, 
12) responses from the forequarters and hindquarters were 
found to be elicited from loci quite ven;,,~~.l to the dorsal 
columns. In some cases electrode\tracts were traced as far 
ventral as the cervix of ,.the dorsal horn passing through the 
nucleus of the dorsal commissure, the nucleus intermedius of 
/' 
Cajal and the hypoglossal nucleus. 
Responses from the anterior face, dorsal snout, eye, 
vibrissae, lip, incisors, chin and tongue and the mucosa of 
the buccal cavity were generally obtained from the spinal com-
ponent of the f.ifth trigeminal nerve and its tract. Again in 
sections made more caudal to the obex electrode tracts were 
traced ventrally passing through the spinal complex of the 
trigeminal nucleus. In some cases tactile responses were 
elicited as far ventral as the cervix of the dorsal horn in 
loci 1-2 mm. ventral to the spinal nucleus proper. 
. ~ 
Responses from both the hindquarters and forequarters 
were obtained from the reticular formation which lies ventro-
lateral to the dorsal column nuclei. These findings will be 
discussed below. 
•. 
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Figure 4 
A dorsal view of the left side of the 
medulla illustrating the relative position 
of electrode placements. 
The coordinates for figures 5-12 are 
located along the midline and indicate nun. 
posterior (P) to the obex (0). 
. . •.• , 
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KEY TO FIGURES 5 - 12 
The following figures depict the change in the per-
ipheral field from which responses were evolced as the 
electrode tip was moved in a dorso-ventral and medio~ 
lateral direction. Each figure represents a single ex-
L--·· 
periment i1i1 tYhich a single electrode is implanted in 
successively lateral positions, The inserts at the lower 
·right of each figure were traced from photomicrographs 
(see Appendix) and illustrate the various loci within the 
medulla from which responses were recorded. The magnitude 
of a response is depicted as follows: 
> 100 IJ.V 
W/ZZJ ~ 25 µ,v and <. 100 ~v 
l~Hit/f~{(t)J 4'. 2 5 )J. V 
Responses from areas not easily discernible on the figurine 
drawings are indicated as follows: 
--~~~ ::>100 ~v (from incisors) 
- _... ::> 25 JJV and ~ 100 J..JV 
- - - "9 .C::: 2 5 J.lV 
C indicates responses evoked from regions not dis-
/ 
cernible on the figurine drawings. 
AH 
CDH 
DP 
Anterior horn 
Cervix of the dorsal horn 
Decussation of the pyramids 
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FC 
FG 
FS 
NC 
N COM 
NOC 
I~G 
NRL 
:.. 
\ 
J .~::.. -
N V GAUD 
l'i' V . INT 
OI 
PYR 
RF 
SG 
TR S V 
VA 
Cuneate fascicle 
Gracile fascicle 
·- .:.1,,--
Solitary tract 
Cuneate nucleus ) 
Nucleus corrnnissuralis 
Nucleus of the dorsal cornmissure 
Gracile nucleus 
Lateral reticular nucle~ij. 
',' 
Nucleus caudalis of the spinal trigerninal 
complex 
~ucleus interpolaris of the spinal trigeminal 
complex 
Motor nucleus of the twelfth cr~nial ne~ve 
i 
Inferior olivary complex 
Pyramids 
Reticular formation 
Substantia gelatinosa of nucleus caudalis 
Spinal tract of the trigeminal nerve 
Ventral artery 
Coordinates at the top of each of the figures indicate ••• mm. lateral to 
the midline. 
Coordinates at the side of each or the figures indicate ••• mm. below the 
standard reference (obex). 
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Figure 5 
Figurine map illustratfng the body 
a. 
representation in a single level .2 mm. 
caudal to the obex. 
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representation • in a single 
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Figurine map illustrating the body 
representation • in a single 1.evel 1. 7 mm. 
caudal to the obex. 
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Figure 8 
Figurine map illustrating the body 
representation • 1n a single level 2.3 mm. 
caudal to the obex. 
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Figure 9 
Figurine map illustrating the body 
representation in a single level 2.9 mm. 
caudal to the obex . 
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Figure 10 
Figurine map illustrating the body· 
representation in a single level 3.7 mm. \ 
caudal to the obex. 
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Figure 11 
Figurine map illustrating the body 
representation in a single level 4.2 rrnn. 
caudal to the obex. 
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Figure 12 
Figurine map illustrating the body 
representation • in a single level 4.8 nun . 
caudal to the obex. 
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DISCUSSIOI'i 
A perusal of Figures ~ - 12 indicates that the projec-
tion of tactile ·fibers to the caudal medulla oblongata is 
-- . 
·' 
not by any means haphazard, but on the other hand appears 
to be quite orderly. Within any level of the medulla there 
has b·een found to exist a somewhat complete functional 
"· 
... I, 
arrangement of the ipsilateral side of the body. It has 
been reported by several investigators (Kruger et· al, 1961; 
\rlall, 1961; and Nord, 1963)\ that the gracile and cuneate 
nuclei are functionally one nucleus with the skin of the 
" 
entire ipsilateral body, excluding t~e face, represented. 
Furtl1er investigation has sho'\m that in fact the spinal tri-
geminal nucleus is an integral unit of this projection system 
for (Gordon et al, 1961; Kruger et al, 1961; ~~all and Taub, 
1962) it provides a tQpographical projection of the face and 
buccal cavity. Tal<.en together, then, the dorsal column 
nuclei and spinal trigeminal nucleus provide a representation 
within .the :;nedulla of the entire homolateral l?ody surface in 
topographical arrangement. The results of this study prove 
to be quite consistent with these previous findings. Res-
ponses elicited by stimulation of the contralateral body 
surface were found to be quite inconsistent and were limited 
• to the tail, anal area and caudal-most hindquarters. These 
responses were elicited only when the electrode was inserted 
at th~ medullary midline and its immediate surround. 
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Figure 2 and Figures 5 - 12, reveal the large amount 
of area 'tvhich is innervated by fibers from the face and· 
especially the vibrissae. Adria11 ( l 9L~7) suggests that the 
scale of a soma tosei-1sory map of a given peripl1.eral area on 
the cortex is closely related to the necessity of detailed 
information from that part of the periphery used most often 
in the behavior of the animal, In the context of this study 
on the medulla it is not surprising then to find so large an 
area of the spinal trigeminal nucleus devoted to innervation 
of the vibrissae considering their functional value to the 
organism. 
!·'luch has been said in the existing literature .as to 
the change in properties of the spinal nucl~s of the fifth 
cranial nerve along its rostro-caudal axis. It is generally 
concurred that the nucleus is physiologically continuous 
althougl1 not anatomically so and eic..riibits a rostro-caudal 
change in its properties. The nucleus interpolaris was 
found to respond to light pressure of the facial skin with 
the caudalis mediating large fields in the proximal part of 
the face. The nucleus was found to be made up of three 
dorso-ventral laminae with fibers from the lower jaw pro-
jecting to the dorsal extreme, fibers mediating sens~bility 
from the teeth and buccal cavity interposed between this 
dorsal layer and a ventral layer, which receives fibers f~om 
'\, I• 
the area about the eye (Kruger and Michel, 1962; Wall and 
Taub, 1962 and Nord, 1963). The results of this experiment 
I,• 
-53-·., 
.• 
are in partial agreement with those reported above. However, 
a different pattern of projection was found in the spinal 
nucleus in the lower first cervical segment of the spinal 
cord. Here, contrary to Wall's and Taub' s ( 1962) findings, 
neurons i·1ere found to have receptive fields which mediated 
tactile sensibility only from the region irrnnediate to, and 
including the eye. These neurons were found in electrode 
tracts whicl1. penetrated the tissue ,in tl'"le lateral extreme of 
- ' 
the spinal nucleus in or near th.e subst:antia gelatinosa or 
in the tract of the nucleus proper. Kerr (1961) has pre-
sented anatomical evidence that fibers of the spinal nucleus 
can be followed into the cervical spinal cord as "a significant 
bundle" (page 139) as far as the midpoint of the second cer-
vical segment below which the number of fibers decreases 
very sharply with only a vestigial component being found in 
the uppermo~t level of the third cervical segment. Harrison 
and Corbin (1942) have followed trigeminal fibers into the 
first cervical segment and report that the three dorso-ventral 
,. 
laminae'have differential endings with mandibular fibers 
\ 
ending at the cervical medullary junction, maxillary fibers 
ending at the midpoint of the first cervical segment and 
ophthalmic fibers projecting to the lowest extreme in1he 
second cervical segment, These data suggest that only opthal-
mic {eye region) responses were elicited at the caudal extreme 
of the first cervical segment in this study because the fibers 
from mandibular and maxillary regions do not project to loci 
this ,caudal in the spinal cord. 
~'. 
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Wall and Taub (1962) report in their investigation of 
' 
· 1:·he first and second cervical segments in the cat that at 
this level the head was found to be represented in a medial 
I 
position with"the hindlegs in a lateral , .. position while in 
more rostral areas this patter~ is diametrically reversed. 
The results of this study on the rat reveal contradictory 
findings. At all levels, including the first cervical seg-
ment, the hindlegs were found to project to a medial position 
with the head represented laterally. However, the projection 
of the head is reversed mediolaterally so that responses to 
the anterior face are generally elicited before the posterior 
dorsal snout and eye.regions. 
As was stated above, responses from the hindquarters 
and forequarters were~- elicited in the caudal extremes of the 
area investigated from loci quite ventral to the dorsal column 
nuclei. Histological verification has placed the recording 
electrodes in the nucleus of the dorsal commissure, the area 
/" lateral and dorsal to the hypoglossal nucleus and tl1e nucleus 
intermedius of Cajal. These nuclei have not been classically 
thought of as mediating tactile sensibility. Torvik (1956) 
states w.11.at anatomists have traced "rather abt1J.1dant fibers" 
(page 92) from the dorsal coltnnn nuclei to the nucleus inter-
medius of Cajal in the cervical spinal cord. Torvik (1956, 
page 92) also describes afferent cervical fibers terminating 
"within a rostral continuation of the nucleus intermedius along 
the dorsal edge of the hypdglossal nucleus 11 (XII cranial nerve). 
,I 
.. ./ Iii 
,-' • ' .... : _ '. _-' •,· ,;:· - ~.'' ; ,- • ~.: ',,'' •• i 
Dorsal column fi~ers have been observed_ by many investigators 
to terminate in loci as ventral as tl1e anterior l1orn. 
In Torvik's study (1956) the medul:·la and spinal cord \vere " 
transected in serial sections and examined for degeneration of 
fibers. Extreme degeneration was found in the dorsal horn of 
the second and third cervical segments. The heaviest degen-
\ eration was found in the nucleusJintermedius of Cajal and is 
described as passing along the internal basilar nucleus. Less 
·~ 
complete degeneration was found in the gray matter lateral to 
the nucleus intermedius and in the nucleus of the dorsal 
commissure where it is conjectured by Torvik that a few of 
~these fibers cross to the contralateral side. 
It is stated that degeneration of fibers did not extend 
to the cervix of tqe dorsal horn indicating that tactile fibers 
terminate more dor,sally in the cervical cord. This fact is 
interesting in the light of the present results for tactile 
responses were found in all cases to cease at the cervix. 
The results of Torvik (1956) along with the electro-
physiological evidence presented above indicate that most of 
the dorsal segment of the cervical cord plays at least a 
partial role in the mediation of cutaneous and specifically 
tactile sensibility. Responses elicited in the area lateral 
to the hypoglossal nucleus, the nucleus interrnedius of Cajal 
and the nucleus of the dorsal commissure ,v-ere found most 
importantly to retain. the dorso-ventral pattern of projection 
of fibers from the peripheral body surface indicating that they 
are inherently involved in the somatotopic pattern of tactile 
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sensibility in the cervical cord. 
Responses to tactile stimulation of the face were re-
ported above to be elicited in tissue situated quite ventral 
to the nucleus caudalis of the spinal trigerninal nerve. At 
the first cervical segment the caudalis is found to be rela-
tively smaller than its more rostral components and located 
in an extreme dorsal position. Electrodes in the photomicro-
graphs (Appendix -, Figures 13 - 20) are seen to pass through 
the nucleus itself to points 1-2 mm. more ventral and in some 
cases pass right to the cervix of the dorsal horn. Kerr (1961) e>. 
states that at the level of the first cervical segment the 
"dorsal l1orn is predominantly a tri8eminal nucleus" (page 137). 
A heavy distribution of trigeminal fibers was found dorso-
medially with fibers also projecting to ventrolateral positions, 
although here the projection is not quite so heavy-. Once again, 
it is §een that nuclei in the dorsal area of the spinal cord 
project fibers to more ventral regions and this explains the 
el·,ici ta tio11 of tactile responses from loci so far ve11tral to 
the nucleus caudalis. Furthermore, Torvik. (1956) believes 
' 
that there is no anatomical evidence to asstune the different 
areas of' the dorsal horn and nucleus caudalis are concerned 
with different sense modalities. As was the case above with 
the nuclei lying ventral to the dorsal columns the area lying 
) 
V ~< 
ventral to the nucleus caudalis retains t~e dorsolateral pro-
jection of fibers from the periphery. Evoked responses to 
tactile stL~ulation were found to cease in the area of the 
cervix of the dorsal horn, a result in keeping \vith Torvil<' s 
finding that no fibers projecting from the nucleus'~, caudal is 
-57-
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were found ventral to the cervix. 1'' 
In the more rostral sections just posterior 1D the obex 
electrode tracts were found to have invaded the reticular 
formation 'tvhich lies ventrola teral to the dorsal column 
.< 
nuclei. Neural responses recorded from the reticular forma-
tion v1ere generally elicited by stimulation of the hindquarterr 
\ 
'; . 
\. 
' 
and forequarter's and occasionally by stimula tioh of the posterior 
face. The result is not surprising in the light of recent 
evidence which has shown that the bulbar reticular formation· ~ ~ 
receives nu.lT!erous collaterals from classical afferent pathways. 
Reference to figures 5, 6 and 7 \·Till reveal that not only 'tvas 
the formation responsive to tactile stimulation, but that the 
dorso-ventral order of peripheral projection was maintained. 
Nord (1963) makes the point that it is possible that these 
cells have 11 a specialized function as opposed to the diffuse 
role usually attributed to bulbar reticular cells" (page 47) 
since the cells respond strongly even under deep barbituate 
anesthesia, a drug which has the properties of deadening tne 
arousal powers of the formation. 
The spinal trigeminal ·nucreus has been classically des-
ignated as a center in the medulla for pain and temperature 
sensation. HoweveG for the several pertinent reasons stated 
1, 
in the introduction, recent investigators have come to question 
this idea. The collective body of evidence (Wall and Taub, 
1962; Gordon and Seed, 1961; Kruger il al, and Nord, 1963) 
1 point to the conclusion that this component of the spinothaLmic 
-58-
, ... 
1· 
' 
i. 
';,:'•,·::.'·'···,,:_.:/: .. :.,,.,_.., .. 
'.' .,--f•,,." i. ·'.';~.: ,: ,'· .' ,:~· .: .... ;,,; i. '- .. , .-·;···~'. 31:_ 
system does in·fact mediate in some manner tactile sensitivity 
of the face. 
'The mode of stimulation employed in this study involved 
the ger1tle probing of the peripheral skit1 surf ace with a small, 
soft sable brush. In some cases, -v1here the focal area was not 
readily accessible· (as the interior buccal cavity) a narrow 
gauge nylon monofilament was used as the stimulus·(~ In all 
cases this was the strongest means of stimulation and it re-
sulted in only the slightest deformation of the skin. The 
elicitation of a tactile response was possible along the 
vibrissae without skin deformation at al~ as the slightest 
contact with the hair elicited neural activity. On the basis 
of this evidence and similar evi·dence presented in previous 
studies., one is forced to conclude that at no time could such 
stimulation have been painful to a wa.~ing animal and that the 
<istimulation did in fact elicit tactile responses. 
' 
.. 
. 
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APPENDIX 
Photomicrographs 
The photographs which follow are of the critical 
sections used in the preparation of the inserts in Figures 
5 - 12. Each photograph is labeled so that one may refer 
to the appropriate figurine drawing (Figures 5 - 12) and 
its respective insert. 
In several of the photographs the entire electrode 
tracts are easily discernible. In others, ho-v1ever, where 
the angle of the microtane blade intersected that of elec-
trode insertion the tract has been cut so that all that is 
obvious is a notch in the brain matter. Furthermore, • in 
· other cases the tracts are not discriminable from the sur-
rounding tissue. 
,-
The photographs were taken with a Leitz Aristophot 
Macro-dia camera with Kodak Contrast Process Panchromatic 
Film and ,-vere printed on Koda bromide F-5 paper. 
·' 
'• 'I• 
-60-
Ill 
•)', .· 
~·.;·\_..ill_.),,,. - ·," • ;,,. ·_ •,• · ... ,i .·' - ... _' ... · --. 
., 
; . 
.. ~ 
Figure 13 
·.Photomicrograph of the serial section 
0 
.2 mm. caudal to the obex used in the 
preparation of Figure 5 . 
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Figure 14 
Photomicrograph of the serial section 
.9 mm. caudal to the obex used in the 
preparation of Figure 6 . 
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Figure 15 
Photomicrograph of the serial section 
1.7 nun. caudal to the obex used • in the 
preparation of Figure 7. 
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Figure 16 
Photomicrograph of the serial section 
•.. 2.3 mm. caudal to the obex used in the 
preparation of Figure 8. 
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Figure 17 
Photomicrograph of the serial section 
2.9 mm. caudal to the obex used in the 
preparation of Figure 9. 
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Figure 18 
Photomicrograpl-1 of tl1e serial section 
3.7 caudal mm. the to obex used • in the 
preparation of Figure 10. 
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Photomicrograph of the serial section 
4.2 mm. caudal to the obex used in. the 
preparation of Figure 11. 
-~·. 
.-j 
r.·-...:-. 
·, 
-73-
.. 
'--· 
c. 
·~ ' .. ;. 
• 
• 
\ .. \ 
' . -, f 
• 
-74 
I 
' .. 
.... . .,,,1 
(. 
l, 
c 
\ ; 
_, 
. ' 
,, 
. .:, 
/ 
Figure 20 
Photomicrograph of the serial section 
4.8 mm. caudal to the obex used in the 
preparation of Figure 12. 
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